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L2 : Entry 9 of 60 



File: USPT 



Aug 29, 2000 



DOCUMENT- IDENTIFIER: US 6110491 A 

TITLE: Compound- loaded liposomes and methods for their preparation 



Brief Summary Text (2) : 

The present invention relates to liposomes loaded with compounds in precipitated 
form, and to methods of producing such liposomes. 

Brief Summary Text (24) : 

It has also been proposed to passively load compounds into liposomes by incubating 
the compound with preformed liposomes at an elevated temperature at which the 
compound is relatively soluble, allowing the compound to equilibrate into the 
liposomes at this temperature, then lowering the temperature of the liposomes to 
precipitate compound within the liposomes. This method is limited by the relatively 
poor encapsulation efficiencies which are characteristic of passive loading methods. 
Also, the compound may be quickly lost from the liposomes at elevated temperature, 
e.g., body temperature. 

Brief Summary Text (29) : 

The invention includes a liposome composition comprising a suspension of liposomes 
contained in an aqueous bulk-phase medium; the liposomes comprising a coprecipitate 
of an ionizable compound and a charged precipitating agent, where the concentrations 
of both the compound and the precipitating agent within the liposomes are severalfold 
higher than the compound and precipitating agent concentrations in the bulk-phase 
medium, respectively, and the concentration of compound within the liposomes is not 
reduced by the presence in the suspension of a proton or alkali metal -ion ionophore. 
A composition as above, wherein the bulk phase medium is substantially free of the 
precipitating agent is preferred. 

Brief Summary Text (33) : 

In another aspect, the invention includes a liposome composition comprising a , 
suspension of liposomes contained in an aqueous bulk-phase medium, and an ionizable 
compound contained within the liposomes in the form of a pH-induced precipitate . The 
concentration of the compound within the liposomes is severalfold higher than that in 
the bulk-phase medium, and the concentration of compound within the liposomes is not 
reduced by the presence in the suspension of a proton or alkali metal-ion ionophore. 

Brief Summary Text (34) : 

Also forming part of the invention is a method of producing a suspension of liposomes 
having an ionizable compound stably encapsulated in the liposomes in precipitated 
form. The method comprises adding a compound to be encapsulated to a suspension of 
liposomes in bulk-phase aqueous medium, the liposomes having substantially no outside 
to inside pH or electrochemical ion gradient and containing charged precipitating 
agent of higher inside/ lower outside concentration, and the precipitating agent being 
oppositely charged to the compound; and incubating under conditions that allow active 
uptake of the compounds by the precipitating agent. In this method, the absence is in 
reference to the ion having the same charge sign as the compound to be loaded. 

Brief Summary Text (39) : 

suspension of liposomes having an ionizable compound stably encapsulated in the 
liposomes in precipitated form, where the compound is relatively water insoluble at a 
first pH, and relatively water soluble at a second pH. The method includes adding the 
compound to a dispersion of liposomes contained in a bulk-phase aqueous medium, where 
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the dispersion has an inside-to-outside liposome pH gradient corresponding to said 
first and second pH, respectively. The compound and dispersion are incubated under 
conditions which allow uptake of the compound by the liposomes to a compound 
concentration that is severalfold that of the compound concentration in the 
bulk-phase medium, as evidenced by the formation of a precipitate inside the 
liposomes . 

Brief Summary Text (41) : 

In a final aspect, the invention includes a method of producing a suspension of 
liposomes having an ionizable compound stably encapsulated in the liposomes in 
precipitated form. The method includes adding the compound to a dispersion of 
liposomes contained in a bulk-phase aqueous medium, where the liposomes have (i) a 
higher inside/lower outside gradient of a multivalent, charged precipitating agent, 
and (ii) substantially no inside-to-outside pH gradient. The compound and dispersion 
are then incubated under conditions that allow uptake of the compound by the 
liposomes to a compound concentration that is severalfold that of the compound 
concentration in the bulk-phase medium, as evidenced by the formation of a 
precipitate inside the liposomes. 

Detailed Description Text (2) : 

I . Liposome Composition with Precipitated Compound 
Detailed Description Text (3) : 

This section describes a novel liposome composition containing liposomes suspended in 
a bulk-phase aqueous medium, and an ionizable compound contained within the liposomes 
in the form of a stable precipitate, at a concentration of compound that is several 
times that of the compound in the bulk-phase medium. 

Detailed Description Text (19) : 

According to another aspect of the invention, the charged precipitating agent is 
present at a high-internal/low-external concentration; that is, there is a 
concentration gradient of agent across the liposome membranes in the composition. If 
the precipitating agent is present in significant amounts in the bulk phase, the 
agent can serve as a sink for liposome-entrapped precipitated compound, thus drawing 
off the compound over time. Preferably, the liposomes are prepared, as described in 
Section II below, so that the composition is substantially free of precipitating 
agent in the bulk phase (outside aqueous phase) . 

Detailed Description Text (33) : 

In another general aspect, the invention includes a method of producing a suspension 
of liposomes having an ionizable compound stably encapsulated in the liposomes in 
precipitated form, at a concentration of compound that is several times that of the 
compound in the bulk-phase medium. 

Detailed Description Text (46) : 

The compound to be entrapped is then added to the liposome dispersion for active 
loading into the liposomes. The amount of compound added may be determined from the 
total amount of drug to be encapsulated, assuming 100% encapsulation efficiency, 
i.e., where all of the added compound is eventually loaded into liposomes in the form 
of precipitate . 

Detailed Description Text (52) : 

In practicing the method, the compound is added to a dispersion of liposomes having 
an inside-to-outside liposome pH gradient corresponding to the first and second pH, 
respectively. Specifically, the internal liposome pH is one at which the compound 
precipitates at low compound concentration, and the bulk phase pH is one at which the 
compound is relatively soluble. Exemplary compound solubilities for a variety of 
compounds suitable in the invention are given in Section IB above. 

Detailed Description Text (58) : 

In accordance with the invention, a suspension of liposomes having an ionizable 
compound stably encapsulated in the liposomes in precipitated form can also be 
prepared with multivalent, ionically charged organic compounds as precipitating 
agents, whether polymeric or non-polymeric in nature. 
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Detailed Description Text (63) : 

Liposomes having an inside/outside gradient of the precipitating agent are prepared 
as in IIA above. The liposome dispersion is then incubated with the compound to be 
encapsulated, under conditions that allow uptake of the compound into liposomes, also 
as described above. The final product may be further treated to remove free compound. 



Current US Original Classification (1) : 
424/450 

CLAIMS : 

1. A method for producing liposome-encapsulated compounds, comprising: 

incubating a compound with a suspension of liposomes in a medium, said liposomes 
spatially defined by a membrane surrounding an interior, and said compound capable of 
having a charge sign, and 

said liposomes comprising within the interior a concentration of 

compound-precipitating ion, wherein said concentration of said compound-precipitating 
ion is greater in the interior of the liposomes compared to said medium, and is 
sufficient to effect precipitation of said compound within said liposome interior 
during incubation; and 

said liposomes having, prior to precipitation, substantially no transmembrane 
gradient of a hydrogen ion; and 

said liposomes having, prior to precipitation, substantially no transmembrane 
gradient of an ammonium ion; and 

said liposomes having, prior to precipitation, substantially no transmembrane 
gradient of a membrane -permeating ion having the same charge sign as said compound. 

13 . A liposome composition formed by incubation of compound with a suspension of 
liposomes comprising: 

liposomes in a medium, said liposomes spatially defined by a membrane surrounding an 
interior, and said compound capable of having a charge sign; and 

wherein the compound is in the form of a precipitating ion- induced precipitate; and 

said liposomes comprising a concentration of a compound-precipitating ion which is 
greater in the liposome interior compared to said medium; and 

said liposomes having prior to formation of said precipitate, substantially no 
transmembrane gradient of a hydrogen ion; and 

said liposomes having, prior to formation of said precipitate, substantially no 
transmembrane gradient of an ammonium ion; and 

said liposomes having, prior to formation of said precipitate, substantially no 
transmembrane gradient of a membrane -permeating ion having the same charge sign as 
said compound. 

16. A liposome composition of claim 13, wherein the compound-precipitating ion is a 
polymeric anion. 

17. A liposome composition of claim 13, wherein the compound-precipitating ion is a 
multivalent non-polymeric anion. 

19. A liposome composition of claim 13, wherein the compound-precipitating ion is 
selected from the group consisting of: polyacrylate; chondroitin sulfate A; 
polyvinyl sulfate; polyphosphorate ; phosphate; pyrophosphate; sulfate; citrate; 
tartarate; nitrilotiacetate; ethylenediamine tetraacetate; and diethylenetriamine 
pentaacetate . 
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21. A liposome composition of claim 13, wherein the compound-precipitating ion is a 
polymeric cation. 

22. A liposome composition of claim 13, wherein the compound-precipitating ion is a 
multivalent non-polymeric cation. 
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L2 : Entry 28 of 60 



File: USPT 



Jul 28, 1998 



DOCUMENT- IDENTIFIER: US 5785987 A 
TITLE: Method for loading lipid vesicles 



Brief Summary Text (13) : 

The liposomes of this invention may be prepared with therapeutic agents which 
precipitate at pH ranges usual in the preparation and loading of lipid vesicles by 
conventional means. Further advantages for these liposomal compositions include a 
long shelf life which is a result of the lipids not being exposed to harsh conditions 
which can hydrolyze them. 

Current US Original Classification (1) : 
424/450 
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US - PAT -NO : 6429200 
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